INTRODUCTION
============

Diabetic ketoacidosis (DKA) is a life-threatening acute complication of diabetes mellitus (DM) and is characterized by uncontrolled hyperglycemia, acidosis, and high concentrations of ketone bodies. Diabetic ketoacidosis occurs in patients with both type 1 and type 2 diabetes, for which type 1 and type 2 diabetes is responsible for 66% and 34% patients, respectively.^[@R1],[@R2]^ It accounted for approximately 140,000 hospitalizations in the US in 2009 and a worldwide increase over the years has been reported.^[@R3]--[@R5]^ Despite the development of improved treatment, DKA remains at a high incidence of recurrence and a leading cause of mortality among patients with DM, resulting in an elevated burden for patients, hospitals, and healthcare providers.^[@R6]--[@R8]^ The increased number of patients critically ill with DKA demands more critical care from the intensive care unit (ICU), resulting in resource shortages for patients at high risk of the disease. Therefore, understanding the risk factors is crucial for both diagnosis and treatment of DKA.

Platelet-to-lymphocyte ratio (PLR) is a novel inflammatory marker, which has been demonstrated to be a predictor of various cardiovascular diseases and tumors.^[@R9]--[@R12]^ Previous studies have shown that DKA was associated with an inflammatory response in the hyperglycemic state.^[@R13],[@R14]^ Given that PLR measurement is inexpensive and routinely tested in the hospital environment, PLR may be an ideal predictor for clinical outcomes in patients with DKA.

In this study, we conducted a longitudinal population analysis to investigate the utility of PLR in predicting the 90-day clinical outcomes in patients with DKA.

MATERIALS AND METHODS
=====================

The Database
------------

The Multiparameter Intelligent Monitoring in Intensive Care II (MIMIC II) database contains physiologic signals, laboratory examination, and comprehensive clinical data from patients at Beth Israel Deaconess Medical Center.^[@R15]^ Data were collected between 2001 and 2008 from a variety of ICU units (medical, surgical, coronary care, and neonatal) and maintained by the Laboratory for Computational Physiology at the Massachusetts Institute of Technology (MIT). To protecting patient privacy, all personal data were deidentified and every patient was identified by an integer number called a subject ID. The database was freely available for researchers after completion of NIH web-based training course named "Protecting Human Research Participants" (Our certification number: 1605699).

Study Design
------------

To investigate the prognostic significance of PLR for predicting outcomes of patient with DKA, a longitudinal population from MIMIC II database was included. This retrospective cohort consisted of individuals who met a diagnosis of DKA and were admitted to ICU units in the Beth Israel Deaconess Medical Center, from 2001 to 2008. The research protocol of the study was approved by the Ethics Committee of Beth Israel Deaconess Medical Center.

Population Selection and Definitions
------------------------------------

A total of 32,535 ICU patients were recorded in the MIMIC II database, classified by International Classification of Disease 9 code categories. We used primarily International Classification of Disease 9 code 250.1x to identify DKA patients, based on the criteria of the American Diabetes Association (ADA): plasma glucose \> 13.9 mmol/l (250 mg/dL), arterial pH \< 7.3 and a bicarbonate level \<18 mEq/l, with ketonuria.

Subjects who met the following criteria were excluded: age \<18 years; missing data of more than 5%, or lack of PLR data; readmission; subjects with a history of hematological disease or any other known potential causes of hematologic disorder; subjects who died before ICU stay.

Date Extraction
---------------

Patient data was exacted from MIMIC II (version 2.6) using structure query language with pgAdmin PostgreSQL tools (version 1.20.00), including patient identifiers, clinical parameters, laboratory parameters, and scoring systems.

There are 3 identifiers associated with any given patient:

Subject ID: an integer represents a particular patient, which can identify readmission of the same patient.

Hospital admission ID: an integer number identifying a particular admission to the hospital. Because the patient might be admitted to hospital several times, each patient (subject ID) may have multiple hospital admission IDs.

Intensive care unit stay ID: an integer number identifying a particular ICU unit stay record. When patients enter or leave a new care unit (eg, medical, surgical, coronary, trauma, cardiac surgery care units), a new ICU stay ID will be created.

According to the patient identifier system, we can obtain the hospital record of a particular patient from 2001 to 2008 at Beth Israel Deaconess Medical Center.

A clinical parameters record was conducted in the first 24 hours after patient admission. Physiologic information (heart rate, respiratory rate, systolic blood pressure, and diastolic blood pressure) was measured by bedside monitors. Age, sex, the length of stay in hospital, and readmission record were also recorded in database queried according patient identifiers. The date of death for patients who died in the hospital is taken to be the date of discharge. For other patients, date of death was obtained from social security death records from the US government.

Platelet count and lymphocytes were obtained from the same blood sample. The laboratory measurements included platelet, white blood cell, lymphocyte, neutrophil, creatinine, blood urea nitrogen, serum potassium, serum sodium, serum pH, partial pressure of carbon dioxide, partial pressure of oxygen, serum glucose, and urine ketone. All factors extracted were in the first 24 hours after patient admission.

Severity of illness scores was also recorded and calculated for patients, including Simplified Acute Physiology Score, Sequential Organ Failure Assessment, and Glasgow Coma Scale. In addition, the Elixhauser comorbidity score was used as a comorbidity estimate.

Statistical Analysis
--------------------

The outcomes defined in our study were ICU 90-day readmission with a secondary ketoacidosis and all-cause mortality. Platelet-to-lymphocyte ratio was defined as the ratio of absolute platelet count divided by the absolute lymphocyte count. Urine ketone was classified according to concentration, as negative (negative laboratory result), low (negative to 50 mg/dL), moderate (50 to 150 mg/dL), and high (over 150 mg/dL). An optimal cutoff value for PLR of 267.67 was determined using Youden index (best pair of sensitivity and specificity for 90-day outcomes from a receiver operating characteristic curve),^[@R16],[@R17]^ to categorize both high and low PLR groups. Platelet-to-lymphocyte ratio was treated as a categorical variable (≤267.67 or \>267.67).

In this longitudinal population, the hazard ratios (HRs) and 95% confidence intervals (CIs) for outcomes were calculated using multivariable Cox proportional hazards regression after adjusting for known confounding variables across PLR. In addition, Kaplan--Meier survival curve was applied to describe the incidence of outcomes during 90 days, stratified by cutoff value of PLR.

Continuous variables were summarized as mean ± standard deviation (SD) and median (interquartile range \[IQR\]), respectively. The categorical variables were displayed as counts or percentages (%). The characteristics of the study population in two groups were compared using Student *t* test or nonparametric Wilcoxon test for continuous variables and χ^2^ test for categorical variables. All *P*-values are 2-sided and a *P* value of \<0.05 was considered statistically significant. Analyses were performed in SPSS version 20.0 (SPSS, Chicago, IL).

RESULTS
=======

Subject Characteristics
-----------------------

Patient records from 32,535 subjects who underwent ICU treatment in the Beth Israel Deaconess Medical Center were initially extracted from the MIMIC II database. After exclusion of individuals who did not meet the inclusion criteria (Figure [1](#F1){ref-type="fig"}), 278 eligible subjects were enrolled, including 128 men and 150 women, with a mean age of 49.1 ± 17.2 years and 46.2 ± 18.9 years, respectively. There were 33 subjects excluded because of data missing, and no difference was found between them and included individuals in characteristics.

![Study flow diagram. A total of 32,535 patients were recorded in Multiparameter Intelligent Monitoring in Intensive Care II database. After exclusion of those individuals who did not meet the inclusion criteria, 278 patients were included.](medi-95-e2596-g001){#F1}

The mean value of PLR was 315.6 ± 256.9 for the study subjects. According to the cutoff value of PLR, 149 (53.6%) subjects were included into the low PLR group (PLR ≤ 267.37), whereas the remaining 129 (46.4%) subjects were in the high PLR group (PLR \> 267.37). Patients with PLR ≤ 267.37 had a median PLR of 155.5 (109.6--202.2), whereas those with PLR \> 267.37 had a median PLR of 392.0 (333.6--561.2). Table [1](#T1){ref-type="table"} shows the characteristics of study subjects classified by PLR cutoff value. Subjects with higher PLR exhibited higher incidence of readmission and mortality in 90 days. Platelet counts, serum potassium, and glucose were significantly higher, whereas the lymphocyte count was lower among subjects with a higher PLR value.

###### 

Characteristics of Patients With ketoacidosis, Stratified by Cutoff of Platelet to Lymphocyte Ratio

![](medi-95-e2596-g002)

Risk Factor Analysis for Diabetic Ketoacidosis Patients in the 90-day Outcomes
------------------------------------------------------------------------------

To identify whether PLR plays a causal role in the incidence of readmission and in mortality, Cox proportional hazards regression analyses were performed and Kaplan--Meier survival curve was generated. As shown in Table [2](#T2){ref-type="table"} by the univariate analysis, age, ventilator support, congestive heart failure, PLR \> 267.37 and serum potassium were all significantly associated with readmission and mortality. Patients with PLR \> 267.37 were more likely to readmit and die within 90 days (HR 2.551; 95% confidence interval \[CI\] 1.244--5.234; *P* = 0.011). After adjusting for clinical parameters, comorbidities and laboratory parameters, a PLR \> 267.37 still showed an independent association with outcomes (Table [3](#T3){ref-type="table"}). The HRs of PLR were 2.573 (95% CI 1.239--5.345; *P* = 0.011), 2.648 (95% CI 1.269--5.527; *P* = 0.009), and 2.650 (95% CI 1.114--6.306; *P* = 0.028), respectively. Hazard ratios of quartile PLR groups and the comparison of platelet, lymphocyte, and PLR for prediction of 90-day outcomes are presented in Supplementary Table 1 and Supplementary Table 2, respectively.

###### 

Univariate Analysis of the Associations Between 90-day Outcomes and Clinical and Biochemical Characteristics in Patients With ketoacidosis
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###### 

Hazard Ratio (95% Confidence Interval) for Platelet to Lymphocyte Ratio in 90-day Readmission and Mortality of Ketoacidosis Patients
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Figure [2](#F2){ref-type="fig"} shows the cumulative incidence of readmission and mortality status in the 90-day period, stratified by cutoff value of PLR. Details on the correlation of groups with incident are shown in Figure [2](#F2){ref-type="fig"}. At 90 days, the incidence of outcomes was 7.4% in the low PLR group and 17.8% in the high PLR group, respectively. A high PLR level had a higher risk of short-term outcomes for patients with DKA. In 1-year outcome measures, patient groups with a high PLR value maintained a higher incidence of mortality and readmission, however, there was no statistical significance (17.8% versus 10.7%, *P* = 0.082).

![Kaplan--Meier survival curve showing mortality and readmission status of the groups above and below platelet to lymphocyte ratio cutoff.](medi-95-e2596-g005){#F2}

DISCUSSION
==========

The MIMIC II database has used in several studies focused on critically ill patients.^[@R18]--[@R20]^ In our study, we have extracted clinical data from electronic medical records based on the MIMIC II database and presented a potentially interesting relationship between PLR and short-term outcomes for patients with DKA. The enrolled DKA population included 278 subjects which were then stratified by PLR cutoff value into a high PLR group and a low PLR group. By comparing the 2 groups, we found that there was no significant difference in characteristics except serum potassium and glucose levels were higher in the high PLR group. To identify whether PLR is a risk factor actively involved in the readmission and mortality of DKA, we performed Cox proportional hazards regression and generated survival curves based on Kaplan--Meier estimates. We demonstrated that the high PLR level appeared to make a significant contribution to an increased risk of readmission and death in patients with DKA.

At the time of writing, PLR has been a popular topic in various investigational studies and been demonstrated to play a crucial role in several tumor types and in cardiovascular disease.^[@R21]--[@R24]^ Data generated from research in these diseases has supported a close association of systemic inflammatory processes with oxidative stress, leading to alterations of platelet and lymphocyte levels.^[@R25]--[@R27]^ To our knowledge, our research is the first study aimed at evaluating the association between PLR levels and disease prognosis in critically ill patients with DKA. Previous studies have proposed that DKA is associated with oxidative stress and inflammatory reaction in the hyperglycemic state.^[@R13],[@R14]^ Thus, the underlying mechanism of up-regulated PLR may also be based on the dysfunction of the inflammatory response. Studies have proposed that hyperglycemia may lead to an excessive oxidation reaction in the tricarboxylic acid cycle, leading to an increase in the generation of reactive oxygen species (ROS). As a result, mitochondrial function is impaired during the production of ROS.^[@R28]--[@R30]^ Fengming et al showed the dysfunction of mitochondria found in platelets, which lead to lower platelet viability in a rat model of DM and higher platelet counts in patients.^[@R31]^ These findings are consistent with current clinical research, which has demonstrated elevated platelet levels in ketoacidosis patients with type 1 DM^[@R32]^ and moreover, the lymphocyte count was also influenced by systemic inflammation. Studies have reported that leukocytes may generate more ROS in subjects with DM,^[@R33]^ leading to elevated oxidative DNA damage of lymphocytes in the hyperglycemia state.^[@R34]^ As a result, a high proportion of apoptotic lymphocytes have been found both in a rat model and in patients with DM.^[@R35]^ Taken together, these studies illustrate the potential causes of down-regulated lymphocyte levels in patients with DKA patients. In conclusion, the increased PLR might be attributed to an opposing influence of hyperglycemia in platelet and lymphocytes.

Our study has several limitations. First, although the MIMIC II database included more than 30,000 patients, few subjects with DKA met the inclusion criteria and the sample size was small, thus limiting the statistical power in the analysis. This may explain why the high PLR group maintained a higher incidence but with no statistical significance in long-term outcomes. Second, the subjects with DKA in our study were all extracted from ICU electronic records. Patients whose disease was managed in hospital wards or emergency departments were not included in our study. Thirdly, patients' height data was missing, because the measurement required the patient to be standing, which was not possible for critically ill patients. Therefore, we could not calculate body mass index and adjusted it in the Cox proportional hazard regression analyses.

In conclusion, a higher PLR was shown to represent an increased risk for 90-day incidence of readmission and mortality in patients with DKA. It appears to be a novel independent predictor for short-term outcomes in critically ill patients with DKA undergoing treatment in ICUs.
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Abbreviations: [BUN]{.smallcaps} = blood urea nitrogen, [CI]{.smallcaps} = confidence interval, [DBP]{.smallcaps} = diastolic blood pressure, [DKA]{.smallcaps} = diabetic ketoacidosis, [DM]{.smallcaps} = diabetes mellitus, [GCS]{.smallcaps} = Glasgow Coma Scale, [HR]{.smallcaps} = hazard ratio, [ICU]{.smallcaps} = intensive care unit, [MIMIC II]{.smallcaps} = Multiparameter Intelligent Monitoring in Intensive Care II, [MIT]{.smallcaps} = Massachusetts Institute of Technology, PLR = platelet-to-lymphocyte ratio, [ROS]{.smallcaps} = reactive oxygen species, [SAPS]{.smallcaps} = Simplified Acute Physiology Score, [SBP]{.smallcaps} = systolic blood pressure, [SOFA]{.smallcaps} = sequential organ failure assessment.
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